The plasma clearance of calcitonin (TC) was studied by following the disappearance of radioactivity after intravenous injection of labelled TC, and the disappearance of bio-assayable activity after intravenous injection of unlabelled hormone. The turnover was shown to be rapid: two exponential components were involved with half times of 4-5 and 35-40 min. respectively. Similar values were obtained in experiments in which TC was infused to obtain raised, steady concentrations after which the disappearance of biologically active material was followed for up to 100 min. The normal concentration of TC in porcine peripheral plasma was calculated to be about 9 \g=m\u./ml.
INTRODUCTION
The hypocalcaemic effect of exogenous porcine calcitonin (TC) is short-lived in rats (Copp & Kuczerpa, 1968; O'Riordan & Aurbach, 1968) and in pigs (Care, Dun¬ can & Webster, 1967) . One possible explanation for this is that the hormone is rapidly inactivated or excreted. The purpose of this work was to investigate this possibility.
Marked differences in structure have been shown to exist between human and porcine calcitonin (Potts, Niall, Keutmann, Brewer & Deftos, 1968; Bell, Barg, Colucci, Davies, Dziobkowski, Englert, Heyder, Paul & Snedeker, 1968; Neher, Riniker, Zuber, Rittel & Kahnt, 1968) . Although both molecules have disulphide bridges enclosing a seven-membered ring, and neither molecules contain iodine, they differ in the amino acids in 18 of the 32 positions. Immunological differences between several species have also been demonstrated (Tashjian & Munson, 1965) . Because of these structural differences, it was considered important to use the homologous hormone when studying the clearance of TC. This was done in all but one of the experiments described below.
Three approaches were used. During the first, the fall in concentration of labelled TC in the plasma was followed, whereas in the other two methods, the disappearance of bio-assayable activity from the circulation was measured either after intravenous injection of a single dose of TC, or after injection of a loading dose followed by an infusion of the hormone. It was shown that TC disappears rapidly and it was possible
METHODS
The clearance of labelled calcitonin. Pure porcine TC (kindly supplied by Dr P. Bell) was labelled either with 125I or 131I using the chloramine-T method (Greenwood, Hunter & Glover, 1963) to a specific activity of approx. 250/¿c//ig. The labelled material was freed from damaged peptides and unreacted iodide by adsorption on to microfine silica, Quso G32 (Pennsylvania Quartz Co., Philadelphia), and subsequent elution with acetic acid and acetone (Yalow & Berson, 1966 
RESULTS
Plasma clearance of labelled calcitonin The decline of total plasma radioactivity after intravenous injection of J31I-labelled porcine calcitonin into pig no. M2 is shown in Fig. 1 . The same pattern was seen after 125I-labelled calcitonin had been injected into pig no. Ml. In Fig. 1 the decline of the trichloroacetic acid-precipitable fraction of the radioactivity of plasma is also shown. This declines more rapidly than the total plasma radioactivity. Fig. 4 In-vitro inactivation of calcitonin by serum Tashjian & Munson (1965) showed that the hypocalcaemic activity of TC is rapidly lost during incubation with normal serum. Using the TC-assay procedure already described, we measured the £| of the hypocalcaemic activity of endogenous TC in the venous plasma of porcine thyroid incubated in vitro at 37°and found this to be 1-5-2-0 hr.
DISCUSSION
The experiments with labelled TC served as pilot studies for those in which the turnover of non-radioactive TC was studied. With labelled material, only small doses needed to be injected for its fate to be followed for 2 hr. The labelled peptide was shown to be altered rapidly ; the alterations probably included liberation of iodide and damage such that the peptide or fragments of it were bound by plasma proteins. The disappearance of labelled peptide that was unaltered, as judged by its behaviour on chromato-electrophoresis, could then be followed. By graphical curve stripping, it was shown that there were fast and slow components to the disappearance of this fraction.
When the decline of bio-assayable activity was followed, much larger amounts of hormone had to be administered. Its disappearance from the plasma could be fol¬ lowed for only 20 min. after injection of a single dose. This period could be prolonged to 100 min. by following the initial dose with an intravenous infusion for nearly an hour to produce a steady, high plasma concentration of TC. Again, the presence of similar fast and slow components was noted, but apparent volume of distribution of the fast component, when approx. 1 unit of labelled TC was injected, was smaller (only 9 % of the body weight) than when a larger amount (20-80 units) of unlabelled TC was given, also as a single injection (18 % of the body weight). It is generally recognized that many peptide and polypeptide hormones have com¬ paratively short half-lives after intravenous injection : these range from about 3-5 min. for oxytocin (Fabian, Forsling, Ibbitson, Jones & Stone, 1968) to 20 min. for parathyroid hormone (Sherwood, Mayer, Ramberg, Kronfeld, Aurbach & Potts, 1968 ). Calcitonin appears to be no exception. Lee, Deftos & Potts (1969) showed that porcine TC was cleared from the blood of rabbits with a half-time of 4-12 min. Furthermore, a half-time of about 15 min. was calculated in men following the removal of a medullary carcinoma of the thyroid, which secretes calcitonin (Cunliffe, Black, Hall, Johnston, Hudgson, Shuster, Gudmundsson, Joplin, Williams, Woodhouse, Galante & Maclntyre, 1968) . The short half-life of these polypeptide hor¬ mones appears to be primarily the result of tissue inactivation. The same conclusion applies to calcitonin, the renal excretion of which and also its breakdown in vitro in blood have both been shown to be comparatively slow.
The decay curves of neurohypophysial hormones injected intravenously into mammals (Czaczkes & Kleeman, 1964) and into birds (Hasan & Heller, 1968) (1937) and was applied to the data derived from the injection of labelled TC into pig no. M2 (Fig. 3) . The treatment gave Vlt the volume of compartment 1, equal to 2-0 1. (9 % body weight) and V2, the volume of compartment 2, equal to 3-6 1. (16% body weight). The rate constant of the destruction and excretion pro¬ cess, 0>1, was also calculated; it was 0-09 min.-1, so that the clearance rate per kg. body weight was 8 ml./min./kg. This is to be compared with the value 10 ml./min./kg. calculated for other experiments from the ratio of the infusion rate of TC (10 unit/ min.) to the resultant plasma concentration of TC (34-5 m-u./ml.) when equilibrium was established (Fig. 6) Care, un¬ published observations), then this represents the total secretion rate, and the con¬ centration in peripheral normocalcaemic plasma can be calculated from this using the clearance rates derived from the clearance data presented here. Thus, TC secretion rate = clearance rate plasma TC concentration. From the TC infusion experiments, the concentration in plasma was calculated to be between 3 and 7 /¿u./ml., and from the injection of labelled TC a concentration of 9/ui./ml. was predicted. These esti¬ mates assume that the clearance rate is independent of the plasma concentration of TC. They are rather lower than values for the pig recently measured by radio¬ immunoassay by Lequin, Hackeng, Schopman & Care (1969) . They found a plasma concentration of 300 p.g. synthetic TC/ml. which corresponds to about 20 M.R.C. /tu./ml. However, in the cow they found only 100 p.g. synthetic TC/ml., equivalent to about 8 /¿u.(porcine)/ml. Also, Deftos, Lee & Potts (1968) , using a porcine standard, reported the normal concentration in rabbits to be 35/tu.(porcine)/ml. The higher concentrations of TC in human plasma (100 and 500/¿u./ml., respectively) reported by
